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{57] ABSTRACT

In an ignition system for internal combustion engines,
reference mark signals are furmished during the rotation
of a shaft of an engine. These signals are also used to
compute engine speed. The microcomputer contains a
storage (ROM) in which the constants required to ap-
proximate one or at the most two characteristic curves
of ignition timing advance angle v. engine speed are
stored. Interpolation between the one stored curve and
a fixed ignition timing angle or by interpolation be-
tween the two stored characteristic curves, a family of
other characteristic curves can be generated without
requiring any further storage locations. The values re-
quired for the other characteristic curves are arrived at
by interpolation and, preferably, by division or multipli-
cation by factors of 2 which are accomplished by shift-
ing numbers in a register. After the required values have
been computed, they are counted down in a counter
which, when 1t reaches a reference value causes the
ignition timing signal to be generated.

6 Claims, 5 Drawing Figures
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DIGITAL TIMING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS AND PUBLICATIONS

(1) DE-OS No. 28 50 334 corresponding to U.S.
appln. No. 56,960; filing date July 12, 1979
ff79197/shf/mr.

(2) DE-OS No. 28 51 336; corresponding to U.S.
appln. No. 42,360; filing date May 25, 1979; ff79024/shf.

(3) U.S. Pat. No. 4,099,495,

Thepresent invention relates to control apparatus for
ignmtion systems for internal combustion engines, and
more particularly, to ignition systems utilizing a mi-
crocomputer.

BACKGROUND OF THE INVENTION

In known 1gnition systems of the above-mentioned
type, storage (ROM) 1s provided in which all the values
for approximating a family of curves are stored. Specifi-
cally, the family of curves consists of a plurality of
curves of ignmtion timing advance v. engine speed for
different values of a predetermined engine parameter
such as the pressure in the intake manifold. The capac-
ity of the storage must be such that all values for each
curve can be stored. The requirements for the number
of storage locations in the ROM thus 1s a function of the
accuracy which is required. At a sufficient accuracy,
the ignition timing advance can be very exactly fitted to
the particular then-present operating condition of the
engine.

THE INVENTION

It 1s an object of the present invention to allow the
family of curves to be approximated to the same accu-
racy while requiring only one set of storage locations,
namely the set of storage locations required for storing
the timing advance values required for approximating
only one of the curves. This results in a substantial
decrease of the required storage capacity. While addi-
tional mathematical processing steps are required, these
can readily be implemented by additional program steps
or, alternatively, a small number of additional mathe-
matical building blocks can be furnished. It is particu-
larly advantageous to implement the additional pro-
gram steps by sub-programs which are very similar to
one another. The additional programming effort there-
tore is also very small.

Alternatively, the storage capacity can be doubled
and all the timing advance values for approximating a
first and second one of the curves can be stored. This
still represents a considerable reduction of storage ca-
pacity relative to the known systems, while allowing a
greater accuracy than the embodiment in which only
one curve 1s stored.

DRAWINGS ILLUSTRATING PREFERRED
EMBODIMENTS

FIG. 1 shows the microprocessor and peripheral
units in block diagram form;

FIG. 2 shows the family of curves of ignition timing
advance v. engine speed at different values of pressure
to tllustrate operation of the apparatus when only one
characteristic curve is stored in the storage;

FI1G. 31s a diagram for explaining the interpolation of
characteristic curves when two such curves are stored

in the ROM.
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FIG. 4 1s a flow chart for the microprocessor of FIG.
1 operated 1n accordance with FIG. 2; and

FIG. §1s a flow chart for the microprocessor of FIG.
1 operated in accordance with FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1 only those blocks in the microprocessor 10
which are required for implementing the present inven-
tion are illustrated. A sensor 11 rotates synchronously
with the shaft of the internal combustion engine. It
generates reference marks or speed signals and is con-
nected to the central arithmetic and logic unit (ALU) 12
of microprocessor 10. Further, ALU 12 receives a digi-
tal number, signifying the pressure sensed by a pressure
sensor 13, via an analog-digital converter 14. Pressure
sensor 13 may be a vacuum pressure sensor which is
operatively associated with the intake manifold. How-
ever, other or additional signals (numbers) signifying
the then-present values of other operating parameters
can also be applied to the ALU 12. Such additional
parameters are, for example, the operating temperature,
the volume of air, the angle of opening of the throttle
valve or the signal of a knock sensor.

A storage unit 15 (ROM) and four registers 16 to 19
are connected through buses with ALU 12. Register 16
is not only a register but also is used to count down from
a final computed value to a reference value. When the
reference value is reached, an ignition timing signal
such as the spark 1nitiating signal or the signal causing a
switch in series with the primary winding of the ignition
coll to close, is generated. This last operation is well
known and is illustrated in greater detail in the cited
prior art.

Registers 17 and 18 are buffer storages which tempo-
rarily store values during the arithmetic computations
which will be explained later. Register 19, which is
denoted as a P register, temporarily stores numbers
which signify the then-present value of an operating
parameter. In the illustrated case, they are therefore
numbers or signals which depend on the inlet pressure.

Timing of the operations of ALU 12 is supplied by
timing control circuit 20. The operation of such timing
control circuits in timing the processing steps and the
time intervals which may be required during operation
of the system i1s well known and will be discussed in
detail where required for operation of the present in-
vention.

Finally, ALU 12 is connected to the output stage 21
of the ignition system. The latter comprises, as is also
well known, an electrical circuit connected to the pri-
mary winding of the ignition coil. Again, a description
of such an output circuit can be found in the above-men-
tioned prior art.

A family of ignition timing curves is shown in FIG. 2.
The curves are plots of ignition timing advance v. en-
gine speed for a number of different pressure values.
The timing advance is denoted by the angle with refer-
ence to top dead center. The pressure dependent value is
sensed by sensor 13. It 1s changed into a digital number
in analog-digital converter 14 and is temporarily stored
in register 19. It remains stored in register 19 until a new
value 1s called up by ALU 12 in response to a signal
from timing control circuit 20. The reference mark
signal (BM) which is generated by speed sensor 11 is, in
the illustrated example, generated 40° prior to the top
dead center. The curve denoted by numeral 1 is in the
characteristic curve having the least timing advance




4,359,987

3

angle relative to top dead center. The values required
for approximating the characteristic curves between the
two above-mentioned curves are computed by interpo-
lation. If the sensed pressure p is less than p0 (high
degree of vacuum), the values stored in the storage are
used directly, that is, curve 1 is approximated. For in-
creasing pressures between pressure p0 and pressure p®
(decreasing vacuum) step transistors to the values re-
quired to implement characteristic curves §to j take
place. For further increases in pressure, the values for
implementing curve ; are used. The steps are selected as
required for a particular application. Both fewer and
more characteristic curves can be utilized and can be
readily implemented since only interpolation on the
computer 1s required.

It is also not necessary that the top curve be the curve
for a 40° advance. Any other conveniently generated
curve can be used, for example, the upper reference
curve can represent top dead center directly. It must
only be remembered that the curves to be interpolated
must be between the value in stored in ROM 18 and the
upper characteristic curve, however generated.

The diagrams shown in FIG. 3 illustrate the case
where interpolation takes place between two character-
istic curves stored in read only memories (ROM =1
and ROM 11 =0). Both curves used in the interpolation
process can now represent an independent variable
which varies as a function of speed, rather than use of an
independent variable which remains constant as a func-
tion of speed as was the case in the illustration of FIG.
2. Of course, twice the number of storage locations must
now be made available. However, a greater flexibility 1n
generating the interpolated curves results. The transis-
tion from one curve to the next takes place as discussed
in the system implementing the arrangement illustrated
in FIG. 2.

The flow chart shown in FIG. 4 tllustrates the se-
quence of computer operations required for interpolat-
ing the characteristic curves illustrated in F1G. 2. In the
first step, the contents of register 19 are interrogated by
ALU 12. If the pressure p is less than pressure p0, the
value stored in ROM 15 is read out. Specifically, the
number representing the then-present speed as sensed
by sensor 11 and computed in ALU 12 is used to address
ROM 15. The value in the storage location 1s read out
and transmitted to register 16. After receipt of the next
reference mark, this value is counted down and, when
the count reaches 0, the required ignition control signal
1s generated.

If, on the other hand, the value in register 19 exceeds
p0, 1.e. is between value pl and value p6, one of curves
I to } is selected. Specifically, the curve 1s selected
whose pressure value s closest to that of the actual
existing pressure and the corresponding sub-program is
switched in. This can also be accomplished by hard
wired logic units. If, for example, the pressure p equals
pl, characteristic curve § is selected by switching in the
corresponding sub-program. The value read out from
ROM 1 is divided by 8 and stored in register 17. In the
next step, the value in register 17 is substracted from the
value (RW) read out from the storage. The difference 1s
stored in counter-register 16 and, after receipt of the
next reference mark, is counted down. Since the timing
advance angle at which the reference mark 1s generated
is considered zero, the above-mentioned operations
correspond to computing §th of the difference between
the reference mark angle and the timing advance angle
read out from the ROM, with a subsequent subtraction
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of the so computed angle from the reference mark an-
gle. For approximating characteristic curve j, the cor-
responding computer operations are carried out, the
difference being that the value read out from the ROM
(RW) is only divided by four. For charactenistic curve
2 the value RW is first divided by 2, and the result is
stored in register 17. Afterwards, the value RW 1s di-
vided by 8 and the result stored in register 18. Thereaf-
ter, the contents of register 17 are added to those of
register 18 and the result is stored in register 16.

For characteristic curve §, corresponding computer
operations are carried out with the difference that first
the value RW is divided by 4. Finally, the characteristic
curves 3 or i, the value RW i1s divided by 2 or 4, respec-
tively, and the result is directly stored tn the register 16.
All of these division and multiplication operations can
be carried out very simply since division by 2, 4 or 8 can
be achieved simply by shifting the value in the register.

The flow chart in FIG. § corresponds to the opera-
tion illustrated in FI1G. 3. As shown in FIG. 3, the val-
ues stored in ROM 1 are the values for approximating
curve 1 while the values stored in ROM 2 are the values
for approximating curve 0. First, the value stored 1n
ROM 1 is read out in accordance with the then-present
speed value. It will be noted that any one of seven char-
acteristic curves may be approximated by mterpolation.
For all curves to be interpolated, the first step 1s a sub-
traction of the value in ROM 2 from that of ROM L
Next, a division is carried out and the results stored 1n
register 17. For characteristic curve § and 3, the divi-
sion is by 8, for characteristic curves %, § and i, the
division is by 4, and for characteristic curves 3 and %,
the division is by 2. For characteristic curves § and i,
the value stored in register 17 is subtracted from the
value read out from ROM 1 and the result is stored in
register 16. For characteristic curves 3, §{ and §, the
value stored in register 17 is added to the value stored in
ROM II and the result is transferred to register 16.
Finally, for characteristic curves § and j, the difference
between the two values read out from the storages (RW
[-RW II) is divided by 8 and the resuit stored in regster
18. Subsequently, the value read out from ROM 1I 1s
added to the contents of registers 17 and 18 and the
result transferred to register 16.

It must again be stressed that by increasing or de-
creasing the number of computation steps, the number
of characteristic curves which can be interpolated can
be increased or decreased. The timing is preferably so
controlled that right after the ignition timing, that is, at
the end of count down of the value in register 16, the
computations are carried out which result in the new
value for register 16. When the next reference mark
generated by sensor 11 appears, the value then present
in counter-register 16 is counted down so that the next
ignition timing signal 1s generated.

It is evident from the foregoing description that the
process of arithmetic interpolation simply applies a
proportionality factor corresponding to the particular
interpolation step. In the case of FIG. 2, where all tim-
ing angle values are with reference to the horizontal
broken line at the top which, of course, represents a
constant timing angle for all speeds, only the curve most
distant from that horizontal line needs to be stored In
the ROM and the proportionality factor is applied to a
value on that curve. In the case of FIG. 3 the propor-
tionality factor is applied to the difference in angle
value between two curves. It is further evident from
FIGS. 4 and 5 that it is a convenient way of multiplying
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by the proportionality factor indicated on the curves of
FIG. 2 or F1G. 3, is offered by an equivalent calculation
by means of one or more division steps and a subtraction
step, and 1in some cases adding up the results of diviston
steps before subtracting from the timing angle value
given in curve 1.
Various changes and modifications may be made
within the scope of the inventive concepts.
We claim:
1. In an internal combustion engine having a shalt,
means rotating with said shaft for furnishing a first sig-
nal when said shaft rotates through a predetermined
reference position, means (13) for measuring a predeter-
mined operating parameter or said engine and furnish-
ing an input signal corresponding to the so-measured
value, and means (11) for furnishing speed signals n
response to said first signal: apparatus for approximat-
ing a plurality of curves of ignition timing advance
angle v. engine speed for different values of said param-
eter, comprising
storage means (15) having a plurality of addressable
storage locations for storing all timing advance
angle values with reference to a constant timing
advance angle required to approximate one of said
CUrves;

means connected to satd speed signal furnishing
means and said storage means for reading out a
timing advance value from a storage location ad-
dressed by said speed signal;

computer means (12, 16, 17, 18, 19) connected to said

read out means and said measuring means for

translating said input signal value into a designation
of one of a plurality of steps of input signal value
to each of which a predetermined proportional-
ity factor is assigned, the proportionality factor 1
being assigned to the input wvalue step corre-
sponding to the wvalue of said parameter for
which the timing advance values are stored with
reference to said one of said curves in said stor-
age means (15), and

multiplying the timing advance angle signal read
out by said read out means by the proportionality
factor assigned said input value step designated
by said input signal as translated by the comput-
Ing means, to obtain a proportionalized timing
advance angle signal, and means for producing
an 1gnition timing signal timed to correspond to
said proportionahized timing advance angle sig-
nal.

2. Apparatus as set forth in claim 1 in which said one
of said curves for the approximation of which timing
angle values are stored in said storage means is that one
of said curves having the largest timing angle wvalues
with reference to said constant timing advance angle,
whereby all said proportionality factors are less than
unity, and in which said computer means 1s constituted
to multiply said timing advance angle signal read out by
said read-out means by said proportionahity factor by a
series of equivalent numerical operations of division and
algebraic additon.

3. In an internal combustion engine having a shaft,
means rotating with said shaft while furnishing a first
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signal when said shaft rotates to a predetermined refer-
ence position, means for measuring a predetermined
operating parameter of said engine and furmishing an
input signal corresponding to the so-measured value,
and means for furnishing speed signals in response to
said first signal: apparatus for interpolatively approxi-
mating a plurality of curves of ignition timing advance
angle v. engine speed for different values of said param-
eter, comprising
storage means (15) having a plurality of addressable
storage locations for storing all timing advance
angle values required to approximate that one of
said curves having the lowest timing advance angle
values and that one of said curves having the high-
est timing advance angle values;
means connected to said speed signal furmishing
means and said storage means for reading out pairs
of timing advance values, one relating to each one
of said two curves for which timing advance angle
values are stored in said storage means, from stor-
age locations addressed by said speed signal;
computer means connected to said read-out means
and said measuring means for
translating said input signal value into a designation
of one of a plurality of steps of input signal value
lying between the input signal values corre-
sponding to the two curves for which timing
angle values are stored in said storage means, a
proportionality factor less than unity being as-
signed to each of said steps;
determining the difference between the pair of
timing advance values read out by said read-out

means:;

multiplying the difference found between said pair of
timing advance values by the proportionality fac-
tor assigned to said input value step designated by
said mput signal as translated by the computing
means and adding the result algebraically to one of
said timing advance values of said pair of values
read out by said read-out means, to obtain an inter-
polated timing advance angle signal, and means for
producing an ignition timing signal timed to corre-
spond to said interpolated timing advance signal.

4. Apparatus as set forth in claim 3 in which said
computer is constituted for multiplying the difference
between said paired timing advance angle values by said
proportionality factor and algebraically adding the
product thus obtained by means of an arithmetically
equivalent series of operations including at least one
division and at least one algebraic addition.

5. Apparatus as set forth in claim 2 or claim 4 turther
comprising a first register (19) connected to said com-
nuter means for storing said input signal and thereby
facilitating the translation of said input signal value into
a designation of one of a plurality of interpolation steps.

6. Apparatus as set forth 1n claim 2 or claim 4 in
which said means for producing an ignition timing sig-
nal includes a counter for counting down the timing
advance signal supplied by said computer means and to
furnish an ignition control signal when the count in said

counter reaches a predetermined value.
* % * X



	Front Page
	Drawings
	Specification
	Claims

